Introduction
Traditionally oil metering offshore has been canied out, certainly in the fiscal metering arena, using banks of turbine flowmeters with a dedicated pipe prover on the platform to ensure accuracy and reliability. On the other hand, gas flow was carried out by parallel banks of orifice plates and all the associated pressure and temperature instruments. How have these metering methods stood up to the test of the last ten years? How have the concepts evolved and how will they evolve in the next decade? What new metering techniques are now being introduced, and how will they stand up to the test of time?
This article attempts to answer these questions and, in the framework of the other articles in this special feature edition, provides an overview of the current UK offshore metering scene in the areas of existing and emerging technologies.
Oil metering
The metering skid, which basically comprises a bank of turbine meters and a dedicated pipe prover, is well suited to metering large throughputs of oil from large platforms, with few wells and one owner. The quantity of produced oil can be measured accurately, traceably, and provide production figures to suit both the operator and the government regulator. Turbine meters have many known faultsamongst these moving parts, viscosity sensitivity, obstruction to the flow and a significant pressure drop are the disadvantages. When combined with an on-line prover, however, most of the accuracy limitations are reduced, and the reliability and extremely good repeatability cannot be bettered. What other offshore meter can boast a repeatability of better than 0.0 I%?
So why not the status quo? Turbines rule supreme and, with their associated provers, provide the best proved and tried solution to oil metering. Well yes, this is true if the geology and economics of the North Sea were to remain constant.
As the oil is depleted, flow-rates drop. Economies of scale come into play. Smaller fields are exploited by different companies and partnerships. Small fields cannot support big platforms; small platforms, and large platforms with many tie-backs, have no room for big provers and turbine meter pipe-runs. The existing provers and turbines become too large for the flow-rates coming through. New strategies have to be evolved.
The first piece of equipment to come under scrutiny is the pipe prover. Big, heavy and taking a vast amount of space and weight, the prover has to be examined as a potential saving. What is the replacement? Two options can be considered. Assuming that suitable oil calibration facilities match the oil viscosity and some degree of turbine meter characterisation can be carried out, central proving can be considered. Meters removed and sent ashore can provide a cost-effective solution. To provide the security of measurement for fiscal purposes, two meters in series are often required with stand-by or master meters ready.
In many applications the space saving is achieved by the use of Small Volume Provers (SVPs). These appear to have had a mixed reception offshore. Working very well when looked after and supported by trained staff, SVPs do provide a good proving solution for turbines. On the other hand, the tight tolerances and fine clearances are precursors to failure if the correct process controls are not maintained. When coupled to new meter types, a steep learning curve is required by the system designers and metering managers to ensure that costly interfacing problems are avoided. It is difficult to see how the large pipe prover can be accommodated on modem small platforms, so it follows that the SVP has a future if reliability concerns can be overcome. The turbine meter for lighter hydrocarbon fiscal metering will remain with us for the next ten years at least.
As to alternatives, Coriolis metersnow that an uncertainty of 0.5% can be obtained -are being introduced to offshore metering in significant numbers. These meters are filling niche applications for heavy oils, very light oils, allocation metering and specialised applications. Separator outlet metering is a classic application. With no in-line moving parts to be destroyed by gas carry-over, an operating tolerance (if not accuracy) of up to 6% gas, and the ability to measure water content in the oil stream all contribute to the increasing popularity of this type of meter. Size limitations for production meters, lack of large meters in corrosion-resistant material and slightly higher than tolerable pressure-drop are the drawbacks. The Coriolis meter will, however, be seen to increase its applications over the next decade in topside metering.
Gas metering
Orifice plates are the traditional meters used in the natural gas industry. They have many advantages. Their capital cost is low. They are well understood, since it is rare to find problems that have not been encountered before. They do not require calibration, other than dimensional metrology; so costs as well as downtime can be saved. Differential pressure meters use the square root of density, which for some metering applications reduces the uncertainty significantly. In comparison with some meters they are fairly insensitive to pulsations. There are internationally accepted standards, with the main one -ISO 5167-1:1991 -being based on earlier standards, particularly BS 1042. This ISO standard is being revised at present, with the new one expected in 2001.
The most significant change in the new standards on metering using differential pressure meters will be the straight lengths required upstream of orifice plates and Venturi meters. Recent experimental work has led to the recommendation that in many instances increased lengths should be installed. However, with the help of newly available experimental data, the sections on flow conditioners have been much improved, and a compliance test for flow conditioners is to be included which will enable 70 Measurement + Control. Volume 33, April 2000 reduced lengths to be used.
The use of Venturi tubes for wetgas measurement is increasing, since they have obvious potential advantages over orifice plates in such applications. However, there are known to be difficulties regarding their use in dry gas at high Reynolds numbers, and these have to be resolved before the performance in wet gas can be properly understood. Although in water the discharge coefficient remains approximately constant with Reynolds number over the range of pipe Reynolds number 2 x 10 5 to 10 6 , in high-pressure gas the discharge coefficient as a function of Reynolds number is not very predictable. Sometimes there is a slight increase in discharge coefficient with Reynolds number; sometimes there is a substantial but gradual increase; sometimes a substantial and sudden increase.
Research work is being carried out at NEL both to understand the problems and to provide a satisfactory solution to them. Some success in terms of the discharge coefficient equation has already been obtained. Experimental analysis of the flow through these devices has been greatly enhanced by the use of CFD. Modification of the standard shape of the Venturi tube is also being considered and this may provide an even better solution to the problems encountered.
Another area where Venturi tubes may be used is in multiphase flow, and again a substantial amount of data has been collected by NEL. Good agreement between modelled and reference flow-rates has been obtained.
Changing technical requirements and emerging technologies
The development of small satellite and HTHP (High Temperature/High Pressure) fields combined with new economic approaches to field development -such as the use of floating production separation and off-loading vessels (FPSOs) -has placed increasing demands on metering technology. The approach of tying satellite fields back to existing production facilities and utilising spare capacity in a single production train creates a requirement for measuring multiphase production for allocation purposes.
Two approaches to multiphase flow measurement can be taken: the use of test separators that can be dedicated to individual wells for specific periods of time; or the use of individual on-line multiphase meters for continuous measurement on each wellhead. The use of test separators has well documented setbacks such as the bulk, weight and cost of the facilities and required separation equipment, manifolds and meters. Other limitations of this approach are that it essentially provides a single measurement point in time; the metering accuracy is generally poor by comparison with applications further downstream; and the well must flow through the test separator manifold for some time to allow well conditions to stabilise.
Multiphase meters overcome these limitations oftest separators, but are a relatively new technology and have yet to gain full acceptance in the industry owing to limited knowledge of their accuracy and reliability in the field.
NEL has been closely involved in multiphase metering developments over the past ten years, from trials on early prototypes to qualification tests prior to field deployment. Through the Multiflow projects (an NEL initiative jointly funded by 14 operating companies), the most commercially advanced multiphase meters have been tested in the NEL facilities over the entire range of the three-phase envelope and subjected to changes in crude oil viscosity, density and water salinity. This project and the initiatives of the operating companies themselves have led to a situation where multiphase metering is now fairly readily accepted for production monitoring applications.
The increasing pressure to reduce costs has also led to the adoption of new technologies further downstream in process, allocation and now even fiscal applications. The drivers here are reduction in weight, size and maintenance requirements relative to the more traditional approaches to metering. With the aims of reducing commissioning costs and manning of facilities there is also a desire to have systems which are simple to configure and which allow a higher degree of remote monitoring -or, as one operator puts it, "plug & play and fit & forget".
One of the technologies which has emerged in an attempt to fill this niche is the transit time ultrasonic meter. A principal benefit of this technology is that it can operate accurately over a wider flow-rate range than the conventional orifice or turbine can. Thus multiple metering streams can often be replaced by a single metering run with significant cost and space savings. This, however, is only one potential advantage; as the ultrasonic meter does not intrude into the flow and has no moving parts, there are reduced pressure-drop and maintenance requirements.
The ultrasonic meter, in multipath fonn in particular, can also provide additional parameters relating to signal quality and fluid flow conditions. These features facilitate a higher degree of meter health self-monitoring than is available from the more conventional meters. However, as with multiphase metering, the level of practical experience and fundamental technical understanding of ultrasonic meters is still much lower than, for example, orifice plates. This can lead to over-optimistic expectations in terms of accuracy or applicability, which can ultimately cause problems. These problems are most apparent when conditions lead to failure of the meters, requiring the systems to be reengineered, nonnally reverting to the use of old favourites -an outcome not entirely unheard of in the industry.
In the field of gas metering, using ultrasonic meters, a considerable amount of work has been carried out by the Ultraflow consortium and the GERG group (a group of major European gas production and transmission operators). This has led to increased deployment of the technology, with the ultrasonic meter now becoming accepted as a standard in certain well-characterised applications. This has also been supported by the work to develop written standards being carried out by the American Gas Association, BSI and ISO.
The situation with respect to liquid ultrasonic metering is not so advanced. Until recently ultrasonic meters for liquid applications were not considered to be capable of the high-accuracy demands of the fiscal end of the market. Whilst the meters were being deployed in production and some custody transfer applications (e.g. on FPSOs), this perceived limit on performance affected the amount of operator interest in the technology. In recent years improvements in the technology and marketing efforts of the suppliers have helped industry to become aware of the accuracy and applicability of these meters in typical offshore metering conditions. Manufacturers' data already indicate that the fundamental accuracy requirements can be met, but further work is required to detennine how this varies and is limited in real-life application.
At NEL a project sponsored by Amerada Hess, Elf and Texaco is investigating the perfonnance of the meters over conditions of varying viscosity, temperature, gas content and water content. The tests in two-phase oil/gas conditions are expected to be particularly challenging, as it is known that these conditions represent a fundamentally difficult measuring situation for ultrasonic techniques.
The effect of a two-phase flow on signal transmission through the fluid in an ultrasonic meter is problematic in many situations but, compared with the orifice and turbine, it is a condition that can be detected. This is positively advantageous in application to gas flows where the flow may contain small quantities of liquid. These 'wetgas' metering applications are also on the increase owing to the cost savings from removing bulky separation and liquid handling equipment. New or modified technologies are still emerging for these applications, but the current front runners are ultrasonic meters and Venturi meters (see also the 'Gas metering' section above).
The relative simplicity of the Venturi, coupled with its robustness and a potential for monitoring the liquid loading on the basis of a pressure recovery measurement, has led to a recent reinvigoration of research into the device. For example, recent work at NEL, carried out as part of the Postgraduate Training Partnership with the University of Strathclyde, has utilised the new NEL high-pres-. sure wet-gas facility to detennine the discharge coefficient of a 6-inch Venturi over a range of pressures and liquid loadings. Similarly, work has been carried out in co-operation with the Ultraflow consortium to characterise the perfonnance of an ultrasonic meter in wet-gas flow.
There is still some distance to go with these technologies, and problems as well as the potential for success on offer lie ahead, but it is safe to say that multiphase meters and ultrasonic meters will continue to be at the forefront of the new technologies for some time.
Downhole flow measurement
The requirement for downhole flow measurement on the UK Continental Shelf has increased dramatically in recent years. The earliest wells were placed in large reservoirs which produced oil in a relatively reliable and predictable manner with minimal intervention. Since then all the large reserves in the North Sea have been developed, leaving only smaller, more economically marginal fields. Development of these marginal fields requires a more efficient and sophisticated approach, and technologies such as horizontal wells, multi-lateral wells and smart wells have developed in response to this. Also, as wells age they produce more water. Therefore both older and newer wells now require more control. Downhole flow measurements are being used to increase understanding of the reservoir, allowing more informed intervention in the production process.
Downhole flow meters are either pennanently installed as part of the well completion, or inserted into the well on a temporary basis during production logging. In both applications flowmeters may have to cope with Measurement + Control Reliability and robustness are therefore key issues.
Production logging involves sending a sensor sonde down the well on a wireline or as part of a coiled tubing string. The sonde usually comprises a range of sensors, the aim usually being to assess the reservoir characteristics and to diagnose production problems. Measured data are either sent directly to the surface via the wire line, or stored in a battery-powered memory pack which is interrogated when the sonde is recovered. The simplest type of flow measurement is a noise or temperature log which can be used to indicate unwanted flow behind the well casing. More sophisticated measurements involve tracer injections (e.g. lodine-131 or Iridium-192) or more commonly spinners. Figure 2 shows a typical spinner comprising a small turbine in a protective centraliser cage. Typically this assembly can .-----:=-----, fo Id down to a diameter of 50 mm or less to allow the tool to pass down the production tubing. Flow measurement developments in this field include various differential pressure meters, timeof-flight ultrasonic meters and spinners which measure stratified flows of oil and water in horizontal wells.
Production is traditionally monitored at the surface and major ' -......J intervention is wells are a new design concept in which production is monitored by sensors in the well and controlled by pre-placed valves or chokes without the need for intervention. Few wells have smart completions yet, but they are likely to become increasingly popular in the next few years. Moreover, smart wells will increase the requirement for permanently installed downhole flowmeters. Also, the high pressures downhole reduce the gas fraction in the produced fluid, simplifying multiphase flow measurement. The simplicity of differential-pressure flowmeters makes them the most popular choice for a permanent installation. Considerable effort is being put into making reliable downhole measurements of water cut based on fluid permittivity. This work is likely to lead to the development of cross-correlation meters. Data transfer is a major issue with permanent installations and is usually achieved via a dedicated wire, fibre-optic cable, electrical power cable or a hydraulic power line.
Conclusions
Metering offshore is entering the new millennium with old challenges brought up to date. Accuracy was considered in the past, but the more robust and scientifically justifiable term uncertainty of measurement is now accepted. The challenge is to understand this concept and agree that uncertainty still depends on accurate, complete and honest estimation of errors. The methodology of combining the errors, whether Monte-Carlo simulation or traditional analysis techniques (as recently outlined to the l.P. by NEL), matters little if the initial error estimations and identifications are incomplete.
The traditional concept of verification of meters is being challenged by Coriolis meters and ultrasonic meters. The claim for no moving parts (debatable for the Coriolis meter) implies very much reduced calibration drift which leads to increased calibration intervals. Are all sources of risk associated with the use of these new techniques recognised in procedures? Zero drift, pipe coating and electronic component change must all be considered and new verification procedures brought in to cope with these risks. Traditional calibration is still required, but hopefully applied intelligently to reduce the cost base while keeping confidence in the accuracy. Reducing topside weight and using FPSOs will increase the requirements for smaller metering stations and allocation metering will move to satellite platforms, sub-sea or even downhole.
These are the challenges to be met in the next ten years of offshore production.
